ABSTRACT A selected line of White Leghorns, which has shown improved survivability and reduced feather loss in large multiple-hen cages, was evaluated for humoral immune response to SRBC under both stressed and unstressed conditions. Three lines of chickens (selected, control, and commercial) were housed in either single-(1 hen) or multiple-hen cages (12 hens, social competition) and subjected to a cold ambient temperature (0 C) at 33 wk of age and to two heating episodes (38 C) at 44 wk of age. Each hen was challenged intravenously with 1 mL of a 7% saline suspension of SRBC at the time that cold exposure was initiated. Hens subjected to high ambient temperatures had been exposed previously to a cold temperature, but were not challenged with SRBC until 16 to 18 h following the end of the second heating episode.
INTRODUCTION
A selected line of White Leghorns developed by Muir (1996) has shown improved survivability and reduced feather loss (Craig and Muir, 1996) in multiple-hen cages. Selection was based on group performance for survival and egg mass or production when hens were kept in 9-or 12-hen cages (for more details on the selection process, see Muir, 1996) . The selected line was initiated in 1982 by sampling from an unselected control line first developed in 1972 by Garwood et al. (1980) by crossing six commercial stocks in all possible combinations. The control line has since been maintained by using random mating without any conscious selection.
It was hypothesized that birds genetically selected for adaptation to a competitive environment of 9 to 12 hens would react less intensely to stressors. To test this hypothesis, the selected line, the unselected control line, Exposure to cold caused immunosuppression in single-caged hens, but not in hens in colony cages. Single-vs colony-caged hens of the control environment challenged with SRBC at 33 wk of age had similar primary hemagglutinin responses to SRBC. Hens subjected to heat experienced immunosuppression at 9 and 12 d following challenge to SRBC when compared to the controls. Hens of multiple-bird cages challenged with antigen at 44 wk of age had a significantly lower hemagglutinin response to SRBC than those reared in single-bird cages. The three lines of genetic stock had similar primary hemagglutinin responses to SRBC; the interactions of genetic stock with cage size or environmental temperature were not significant. It was concluded that genetically selecting hens for survival in multiple-hen cages did not affect their humoral immune response to SRBC.
1996 Poultry Science 75:1315-1320 and a commercial Leghorn line were subjected to thermal, social, and handling stress in both single-and multiple-bird cages. In many, but not all instances, the selected line reacted less intensely to the stressors (Hester et al, 1996a,b) . Criteria for a less intensive response to stress included hemodilution (decreased packed cell volume) at the time of transfer to multiplehen cages, the lack of a leucocytic response due to social competition at 33 wk of age, lower mortality during heat exposure, and a smaller rate of decline in egg production in multiple-bird cages as a result of handling and thermal stress for the selected hens when compared to the control and commercial genetic stock (Hester et al., 1996a,b) .
The objective of the present study was to further characterize the selected line of Leghorns developed by Muir (1996) by evaluating antibody-mediated immunity. Specifically, the goal was to determine whether selection of chickens for improved survival and productivity in multiple-hen cages affected their humoral immune response to SRBC under stressful and unstressful conditions. The possibility existed that selection for increased survival in a competitive environment of 9 to 12 hens could have influenced the inheritance of genes associated with humoral immunity or reduced the (Key words: selection, multiple-hen cages, heat stress, cold stress, immune response) response of the pituitary-adrenal cortical axis. The selected line was compared to an unselected control line derived from the same foundation stock as well as to a commercial line of Leghorns.
MATERIALS AND METHODS
Three genetic stocks of White Leghorns were compared. A line selected over seven generations for survival and hen-day egg production in multiple-bird cages was derived from, and compared to, an unselected control line, the North Central Randombred Control. The third stock was a commercial line of egg layers (DeKalb Delta 4 ). During the entire experimental period, feed and water were provided for ad libitum consumption. The beaks of all birds remained intact. Additional information on the origin of the genetic stock (Muir, 1996) , the management of the birds, and the assignment of the three genetic lines of pullets with respect to room, cage row within the room, and cage size (single-vs multiple-hen) were described by Craig and Muir (1996) .
Chickens of the three genetic lines were placed in either single-hen (1 pullet per cage at a density of 1,085 cm 2 per bird) or multiple-hen (12 birds per cage at a density of 362 cm 2 per bird) cages in one of four independently heated, ventilated, and lighted rooms of the Purdue University Layer Research Unit at 16.7 to 17.1 wk of age. Each room contained eight rows of cages, in a four-deck, modified stair-step arrangement. Experimental units, consisting of either four consecutive single-hen cages or one multiple-hen cage, were repeated twice for each of the three genetic stocks within a cage row.
Experiment 1
Hens, 33 wk of age, were subjected to a cold environmental temperature. Recording thermographs and humidigraphs monitored the environment of each of the four rooms continuously throughout the experiment. The temperature of two of the four rooms was decreased to a mean temperature of 0 C for 72 h with a range of -5 to 7 C. Relative humidity for the two cold rooms varied from 50 to 74%. The other two rooms remained at control temperature (x = 21 C; range of 18 to 24 C) with relative humidity varying from 35 to 44%. Water provided to the hens via drip nipples remained unfrozen by allowing it to flow continuously through the polyvinyl chloride pipes.
Hens of Rows 4 and 8 (bottom deck level) were selected for SRBC challenge based on a restricted randomization scheme. Hemagglutinins to SRBC were determined from a total of 192 hens at 0, 3, 6, 9, and 12 d postimmunization (two.hens per experimental unit by two experimental units per genetic stock per row by two rows per room by two rooms per environmental temperature by two "DeKalb® Poultry Research, Inc., DeKalb, IL 60115. environmental temperatures by three genetic lines by two cage sizes).
Experiment 2
The same hens that were exposed to a 0 C temperature at 33 wk of age were subjected to a mean environmental temperature of 38 C (range of 32.5 to 41.5 C) for 3 h at 44 wk of age. Relative humidity averaged 36% during the 3 h heating episode. The same two control rooms used in Experiment 1 were also used as controls in Experiment 2. Ambient temperature of the two control rooms was maintained at 30 C with a relative humidity of 39%.
Hens previously subjected to 38 C for 3 h were exposed to a second heating episode 24 h later on Day 2 of the experimental period. Using the same schedule as described for the first heating episode, hens of two rooms were subjected to a mean temperature of 38 C (range of 35.5 to 40 C) for 3 h. Relative humidity of the two rooms averaged 32%. The two control rooms were the same as used in the first heating episode. Mean temperature of the two control rooms was 28 C with a relative humidity of 38%.
Hens of Rows 2, 3, 6, and 7 (second and third deck levels), which had not been previously bled as part of the study dealing with physiological appraisal (Hester et ah, 1996a) , were used to evaluate immunocompetence. Hemagglutinins to SRBC were determined from a total of 192 hens at 0,3,6,9, and 12 d postimmunization (one hen per experimental unit by two experimental units per genetic stock per row by four rows per room by two rooms per environmental temperature by two environmental temperatures by three genetic lines by two cage sizes).
Antigen Challenge and Blood Sampling
Each hen was challenged intravenously via the brachial vein with 1 mL of a 7% saline suspension of SRBC. For Experiment 1, SRBC challenge occurred at the time that cold exposure was initiated. In Experiment 2, antigen was injected 16 to 18 h following the end of the second heating episode. A 2.0-mL blood sample was collected from the brachial vein of each hen by three teams of bleeders 1 d prior to (designated as 0 d) and 3,6, 9, and 12 d following immunization. To easily identify the wing-banded immunized birds, a colored ring was placed on one of the legs before returning the hen to its cage. Samples were allowed to clot at room temperature, then warmed to 37 C for 3 to 4 h followed by centrifugation at 400 x g for 15 min at 4 C. The resulting sera were frozen at -15 C for later determination of hemagglutinins to SRBC by the microtitration technique (Witlin, 1967) . Immediately prior to titration, serum samples were thawed and heatinactivated at 56 C to destroy the activity of the complement components.
Statistical Analysis
Antibody titers to SRBC were analyzed as log2 values (Ambrose and Donner, 1973) . The design for the two experiments was a completely randomized block with a split plot in time. Data were subjected to an analysis of variance with environmental temperature, cage size, genetic stock, and time as fixed effects. Rooms within environmental temperature (error term for environmental temperature), rows within rooms of housing, experimental units per cage row, and samples within experimental units (Experiment 1 only) were considered random effects. Newman-Keuls' sequential range test was used to partition differences among means (Steel and Torrie, 1980) .
RESULTS

Experiment 1
Within a cold environment, birds of single cages experienced immunosuppression relative to birds in colony cages. Within the control environment, anti-SRBC hemagglutinins did not differ between single and colony cages (Figure 1 , cage size by environmental temperature interaction, P < 0.005). The reduced immune response experienced by the single caged hens in the cold environment was consistently suppressed over time, at least through 12 d postchallenge with SRBC. The primary hemagglutinin response to SRBC did not differ among the three lines of genetic stock (mean titers for selected, control, and commercial lines of 7.16, 7.12, and 6.98, respectively, SEM = 0.10). The interactions of genetic stock with cage size and environmental temperature were not significant (Table 1) . FIGURE 2. Anti-SRBC antibody levels (log 2 ) of hens exposed to two heating episodes of 38 C as compared to hens of the control environment of 28 to 30 C (environmental temperature by time interaction, Experiment 2). Values with no common superscripts differ at a P < 0.03. SEM = 0.05.
Experiment 2
Hens subjected to a high environmental temperature experienced immunosuppression at 9 and 12 d following challenge to SRBC relative to the control hens (P < 0.03, Figure 2 ). There were no differences in the immune response between the hens of the two environments at 0,3, and 6 d following immunization (temperature by time interaction).
Hens housed in multiple-bird cages (x = 5.85 ± 0.02) had significantly lower hemagglutinins to SRBC than those reared in single-bird cages (x = 5.99 ± 0.02, Table 2, P < 0.04). The significant cage size by time interaction (P < 0.05) was due to the significantly lower hemagglutinins at 9 and 12 d postimmunization in hens of multiple-bird cages relative to the hens in single-bird cages (Figure 3) . Single-vs colony-caged hens snowed no differences in their immune response to SRBC at 0, 3, and 6 d postchallenge.
The three lines of genetic stock had similar primary hemagglutinin responses to SRBC (Table 2, mean titers for the selected, control, and commercial lines of 5.89, 5.91, and 5.96, respectively, SEM = 0.10). The interactions of genetic stock with cage size or environmental temperature were not significant (Table 2) .
DISCUSSION
Hens exposed to extremes in environmental temperature had suppressed humoral immune response to SRBC. Both low (0 C) and high (38 C) temperatures caused immunosuppression in the hens of the current study with the exception of the hens in multiple-bird cages exposed to a low ambient temperature. Although some studies have shown that thermal stress does not Means within a column and treatment with no common superscript differ significantly (P < 0.05).
FIGURE 3. Anti-SRBC antibody levels (log 2 ) of hens kept in either single-or multiple-bird cages (cage size by time interaction, Experiment 2). Values with no common superscripts differ at a P < 0.04. SEM = 0.08. always result in immunosuppression (Sinha et al., 1957; Regnier et al., 1980; Donker et al., 1990) , other studies with fowl have shown that thermal stress does suppress the immune response. Established levels of antibodies to three different antigens were depressed in chickens subjected to acute heat stress Siegel, 1970, 1972) . Chickens exposed to cold temperatures showed increased susceptibility to Salmonella (Ram and Hurt, 1955; Thaxton et al., 1974; Soerjadi et al, 1979) . Cellmediated immunity of birds is also lowered by heat and cold stress (Regnier and Kelley, 1981) .
Corticosterone may be the mediator in lowering antibodies during stress because inhibitors of corticosterone synthesis modify the immunosuppressive effects of stress (Thaxton and Siegel, 1973; Siegel and Latimer, 1974) . Lines of chickens selected for increased corticosterone responsiveness to social competition exhibited lowered antibody responses to boiled cells of Escherichia coli relative to low responders (Gross and Siegel, 1973) . The negative correlation between antibody production and circulating corticosterone levels implicates corticosterone as being the mediator of immunosuppression. In the companion paper of Hester et al. (1996a) , it was reported that both single-and colonycaged hens exposed to cold had significantly higher levels of circulating corticosterone than the controls 4 to 5 h into the cold temperature treatment. During the recovery period, i.e., 4 to 5 h following the end of the 72 h cold treatment, the single-caged hens previously exposed to cold still had significantly higher levels of plasma corticosterone, but the corticosterone levels of hens of multiple-bird cages had returned to control levels. The persistently higher levels of corticosterone of the single-caged hens exposed to cold may have been responsible for the observed immunosuppression. The fact that high levels of plasma corticosterone did not persist in the hens of multiple-bird cages exposed to cold may explain why a suppressed humoral immune response was not observed. With hens exposed to heat, corticosterone levels were not significantly higher, perhaps due to the large variation in the corticosterone response (1.1 to 17.7 ng/mL) or to acclimation (Hester et al, 1996a) .
Hens of multiple-bird cages (362 cm 2 per bird) exposed to a low ambient temperature (Experiment 1) did not experience immunosuppression as did the hens of single-bird cages (1,085 cm 2 per bird), probably because cage mates of colony cages were able to stay warmer by transferring body heat to one another (Experiment 1). In Experiment 2 with the two heating episodes, hens of multiple-bird cages probably had more difficulty in dissipating body heat because they were subjected to a smaller space allocation per bird (362 cm 2 per bird) than hens of single-bird cages (1,085 cm 2 per bird). With the more crowded conditions of multiplehen cages as compared to single-bird cages, competition for the drip nipple waterers would be greater, which can especially be critical during heat exposure. At 44 wk of age, when the heat treatment was administered, hemoconcentration (increased packed cell volumes) were observed in hens of multiple-bird cages relative to hens housed singly, but the interaction of cage size with environmental temperature was not significant for packed cell volume (Hester et al, 1996a) . Likewise, high ambient temperatures did not cause greater immunosuppression in the hens of multiple-bird cages than in the hens of single-bird cages (nonsignificant cage size by environmental temperature interaction).
Social competition is the most likely explanation for a reduced humoral immune response to SRBC of hens in multiple-bird cages as compared to single caged hens in Experiment 2. Studies with chickens and Japanese quail have reported lower antibody titers to a variety of antigens, including SRBC, as a result of social conflict or stress (Gross, 1972; Gross and Siegel, 1973; Siegel and Latimer, 1975; Thompson et al., 1980; Edens et ah, 1983) . In Experiment 1, hens of multiple-bird cages exposed to the control temperature regimen did not experience immunosuppression relative to hens housed singly. The greater length of time that the hens resided in multiple-bird cages (11 wk longer) may explain why immunosuppression occurred in hens of multiple-bird cages of Experiment 2 and not with hens of multiplebird cages in the control environment of Experiment 1.
Selection of hens for survival in large multiple-hen cages did not alter their capability to respond to a SRBC challenge under both stressful and unstressful conditions. This conclusion is based on the fact that genetic stock and its interaction with environmental temperature and cage size were not significant. Lines of chickens have been selected for increased humoral immune responses to a variety of antigens, including SRBC, E. coli, and Salmonella pullorum Siegel and Gross, 1980; Pevzner et ah, 1981; Heller et ah, 1991; Parmentier et ah, 1994) . Because the hens of the current study were not directly selected for enhanced immunocompetence, the lack of difference between the selected and commercial lines was not unexpected. Therefore, it is concluded that under the conditions of the current experiment, genetically selecting hens for survival in multiple-hen cages did not affect their humoral immune response to SRBC.
